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(8-FERcENT WING) TO A MACH NOMBER OF 1.25 

By W. C. William and De E. Beeler 

INTRCIDUCTION 

Bell. 
thin 
w&S 

Upon  completion of acceptance  tests on the XS-1 airplanes by the 
Aircrafk  Corporation, one of  these  airplanes (B-1-1 which has the 

, wing and  horizontal  tail, 8 percent and 6 percent  thick,  respectively) 
taken over  by  the Air Forces'  Wright  Field  Flight Test Division for 

use in an accelerated  transonic  flight  research propam.  The purpose of 
these  flight  tests w.as to fly at speeds in excess  of the speed of sound 
in a8 short a test program  as.  possible. No Betailed  investigations  are 
being  made and as "ge an increase fn &ch  num@er as compatible  with 
BElfetT is made in each  Plight. E necessary,  flight w f l l  be made at 
extreme  altitudes (70,000 to 60,000 feet). This  program is a cooperative 
endeavor  between the U:S. Pur Force and NACA. NACA instrumentation  is 
used in all flights, Data reduction and analysis are performed by 
NACA  personnel. The flying I@ done by a Wright  Field Flight Test Dfvision 
pilot. 

The  purpose  of this repqrt  is to preeent  data from the  first  flight 
tests of the xs-1 to speeds beyond a &ch nuniber of 1.0. The data pre- 
sented  herein  cover a Mxh number  range f r o m  0.70 to 1.25 and an altitude 
range *am 30, 000 feet to 49,000 feet. 

The X S - ~  airplane flown in these teats  incorporatee an 8-psrcentC 
thick wing and GpercenGthlck tail.  Pertinent  dimensions of the  airplane 
are shown in the  three-view layoct givan.ln  figure 1. Flight  corklitions 
of the airplane dwing the tests were 88 follows: 
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I LaTmcmng weight, PO?XI~~ . . . . . . . . . . . . . . . . . . . .  12,365 

Landirg  csnter-of-gravity  position  (percent M.A.C.) . . . . . . .  25.3 
La:mchfng centerd-gravity position  (pereent M.A.C..) . . . . . . .  22.1 
Landing weight, pounds . . . . . . . . . . . . . . . . . . . . . .  7115 
Fuel consumption  of ea.:h rocket,  pounds  per  secoad . . . . . . . .  7.87 
mine, fow-cylinder EMI-lIquid rocket thrust,  pounds 

per  cylinder . . . . . . . . . . . . . . . . . . . . . . . . . .  1500 

Meaeurements of airspeed,  altitude,  normal  acceleration,  elevator 
position, and tail  Ehear'loaZs have been  obtained  from standard 
NACA recording  instruments imtalled in the airplane. Measurements of 
aileron  position,  stabilizer poeitia, and  elevator wheel force  were 
telemetered  to a ground  station. 

SYMBOLS 

M 

" 

free-atream  Mach n d e r  correctd for  position er ror  of  pitot- 
static  head 

free-atream  Mach  number  uncorrected f o r  position  error of pitot- 
static head 

airplane  lift  coefficient  (measured  nomnal"force  component is 
assumed to be equal to  lift  component  (nW/qS)) 

dy-namlc pressure, pounds per loot2 

wing mea, 130 feet2 

horizontal-tail area, 26 feet' 

aerodynakc . .  shear load of right ta 

stabilizer  incidence, degrees 

elevator . . .  poeition,  degrees 

il, pounds 

angle of attack  of  horizontal  tail, degrees 

tail ngm-force ..coefficient (%/stp) 
. . .  . .  
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A calibration of the position  error of the K o l l m  type D-i pitot- 
s t a t i c  head located 1 chord  length ahead of the wing t i p  has been made 
up t o  a corrected Mach ntmiber of 1.25. The static-pressure errors have 
been obtained from a survey of true static  pressure w i t h i n  the test 
a l t i tude range with the test airplane and using radar to   ob ta in  geometric 

the s ta t ic   e r ror  was hown. The test airplane is  tracked by radar during 
the test run and the  static-pressure error is  determined from a comparison 
of the true static pressure and that pressure  recorded from the airspeed 
head of the t e s t  airplane. The total-head  pressure e r ro r s  have been 
determined from a theoretical  consideration of t he   t o t a l  head loss behind 
a deteched bow wave. The calibration  curve  including only the stati- 
preaswe errors and the  curve  including  both  the  static and total-head 
errors are noted in  figure 2. It is  estimated that the  calibration is 
accurate  to a M of 3.01 up t o  a Mach number of approximately 1.02 and 
t o  a M of LO.04 above a corrected Mach nmber of 1.02. 

* alt i tude.  The test airplane w a s  flown during the survey at speeds d e r e  

lk figure 3 is shown an envelope of the buffeting region  established 
frm lift a d  &ch ngmber conibinations obtained  within  the  buffet  region. 
The b-aries of t he  emelope have been identified a8 the  buffet boundary 
and limit lift. The buffet boundary is defined by the first indication 
of buffet as shown by r e c d s  of ,acceleration and wTng ad t a i l  loads; 
Limit l i f t  is determined d u r i n g  gradual turns where the lift ceased t o  
increase  although  increasing  upelevatar is being Ebpplied. The stabi l izer  
incidence angle yae appax-te- 2.20. These aatis, were obtained i n  
level flight and in  gradual  turn^. An evalwtion of the measured ta i l  
buffeting loads occurring within the envelope shown in figure 3 was d e .  
The maximum buffeting l&e for alt i tudes abuve 30,000 fee t  were obtained 
at u t  lift from a &ch nmiber of 0.76 t o  0.80 and w e r e  of the order of 
fi00 pounds. At &ch nunibera weater  than 0.80, buffet loads were less 
than L250 paunde. AB indicated by these law buffeting tai l  loads, the 
b u f f e t a '  was mild above 30,000 feet .  The pilot  did  not  consider  the 
buffeting a serious problem in negotiating  the  transonic speed zone. 

Figure 4 ahowe the  variation of measured quantities  with Mach  number 
obtained in tests made at approximately 30,000 feet pressure  altitude f o r  
a Mach  number range from 0.7 t o  0.94. Included on this   f igure are  the 
variations with Mach  number of elevator  position and force,  balancing tail- 
load coefficient, and relative  elevator  effectiveness +/Me. Tests 
made with two stabil izer  sett ings.  The data given in  this   f igure and 
subsequent figures are for essentially  constant lift coefficient. With 
the  stabil izer set at an incidence angle of 1.0' the  pilot  did  not fly 
beyond a Mach nunber of 0.876 because it was di f f icu l t  t o  hold steady 
f l igh t  due to  the  elevator  forces required for trim, the  relatively far 
forward position of the wheel with  this   s tabi l izer  setting, and became 
of buffeting escpected. at the  higher Mach  nuzlibere. Data -re obtained fo r  
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a stabilizer  incidence of +2.2O up t o  a Mach  nuniber of 0.934. &om these 
data of elevator  required  for  trim  for  the two stabilizer  sett ings a 
variation of relative  elevator  effectiveness -/Be was obtained up 
to a Mach  number of 0.876 and is  shown in this   f igure.  It should be 
noted that the  relative  elevator  effectiveness is reduced by more than 
50 percent between a Mach  number of 0.70 and 0.87. This  reduction i n  
effectiveness of the  elevator will affect  the magnitude of the  elevator 
angles required for trim. It can also be seen fram the  variation of the 
balancing t a i l  load that a part of the trim change is caused by a change 
in the wing-fuselage moment f o r  the Mach  nuniber range covered by this 
figure. These data are In qualitative agreement with t e s t s  made i n  
Langley 8-f oot tunnel asd wing-flow tests of aa -1 model. 

In figure 5, the  variation of elevator  position and force,  right 
aileron position, and balancing ta l l  load with hbch number is sham for 
a t e s t  run made at 37,000 feet  pressure alt i tude.  The m~wrFmum value of 
&ch mmiber reached was approxlmately 1.00. It ahauld be noted that 
trlm changes occwed  abwe a &ch number of 0.94 which were in addition 
t o  those  predicted from model tests in the &ch number range from 0.8 
t o  0.94. In the  comparish of the  variation of balancing t a i l  load and 
the  variation of elevator  position  wlth Mach number, several  interesting 
points are noted. The changes in  elevator  posit ion and i n  balancing ta i l  
load are similar indicating that the  largest  effect i s  the change i n  
wing-fuselage moment with Mach  nu?riber. Also, it should be noted that 
the change in  t a i l  load, indicating change f n  wing-fuselage moment 
between 0.87 and 0.91, corresponds t o  a-lo change in elevator  position. 
For the change in.tail  load occurring near a Mach  number of 1.0, which 
is approximately the same mamitude as the  ear l ier  change i n  t a i l  load, 

a change in elevator  position of approximately d o  w a s  measured. These 

data indicate a probable further decrease i n  elevator  effectiveness beyond 
the change shown in figure 4. It is also possible that some of t h i s  
elevator  deflection i s  being  used t o  offset changes in downwash.  The 
variation of r ight aileron deflection  with h c h   n W e r  shows that the 
airplane is becaning right W e a v y  as the Mach nmber  increases. The 
pilot  reported that th i s  wing heaviness w-as nost  apparent t o  him betwen 
Mach nunibers of 0.90 and 0.92. 

2 

The vazlation of elevator  position and balancing tail  load  with Mach 
number at 43,000 feet pressure  altitude up t o  a Mach number of approxi- 
mately 1.055 I s  shown in figure 6 .  The curves on t h i s  figure are die-  
continuous  because data mre selected 4% two different values of lift 
coefficient. It can be seen that the t a i l  load and elevator  position 
follow In the same maaner as shown i n  figure 5 for  the same Mach number 
range. It should be noted, however, that at the highest Mach  number 
sham on t h i s  figure (1.055), there i s  an appreciable  reversal i n  the 
direction of the  elevator motion with l i t t l e  or no change in   the  t a i l  
load,  indicating  possible changes in  the elevator  effectiveness  or 
downwash. 
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Figure 7 gives  the  variatian of elevator  position and force with 
Mach  number as obtained in t ea t s  mat& at a pressme  alt i tude of 49,000 feet 
up t o  a Mach number of. approximately 1.25. 1% should be noted that above 
a Mach  n-er of 1.0, there i s  a continuing trim change i n  the nose-down 
direction. The maximnu elevator  control  force  required  in  flying the Xs-1 
in  the traneonic speed zone i s  shown  on this figure and occurs just  past 
a Mach  number of 1.0. The force measured was 25 gounde. It should be 
remembered,  however, that these data were obtained at 49,000 fee t  alti- 
tude. At lmr  alti tudes,  the forces  involved in transonic flight with 
the XS-1 may be greater than the  pi lot  can exert. -;I$ should also be 
pointed  out that the XS-1 has a very 6m@l elevator. The elevator chord 
is 20 percent of the  horizontal-tail chord,  and the root-msan-square chord % 
of the elevator is only 5.6 inches. With a largar airplane of 
design the control forces may be unreasonably large. 

In order to sh& the effects of a l t i tude and stabil izer  posit ion on 
the longitudinal  trim  characteristics,  the  variation of elevator  position 
with Mach number from figures 4, 5, 6, and 7 is given in  figure 8. 
Although the changes in  stabil izer  posit ion are small, it should be 
pointed  out that the relative  effectiveness of the  elevator is low abo?re 
a Mach  number of 0.8 and it i s  e-qected that 8qaU changes in stabi l izer  
position may de-appreciable   difference in the  elevator angles f o r  t r i m .  
The data in  this figure show that, although the  variation of elevator 
angle with Mach nuaiber is somewhat different f o r  each condition shown, 
the same general trends are indicated. 

. .. 

Some di f f icu l t ies  have been experienced in recent  tests of other 
airplanes at transonic speeds  with onsdimnrrional f l u t t e r  or buzz of 
the ailerons. There has been no evidence t o  date of buzz in the 
-1 tes ts .  One probable  contributing  factor  to the absence of t h i s  
o s c i l h t i o n  In addition t o  the th in  wing section is the large amount of 
f r ic t ion  in the aileron  control system. The f r ic t ion  In the ailerons is 
of the order of 20 foot-pounds. %?he ailerons are quite Bmall and even 
though there is no aerodynamic balance, the aerodynamic hinge moment of 
the  ailerons  for Q corresponding t o  a Mach nmiber of 0.85 and 
30,000 feet, neglecting  effects of Mach ntmiber on the hing-omnt 
coefficient , is of the order of 7 foot-pounds per degree. Hy&aulic 
dampers ctre installed  but have not been used. There a lso  has been no 
evidence of abrupt changes in  the  f loating tendencies of the  ailerons. 

The data obtained in flight  with  the -1 airplane  with &percent- 
thick wing up to and beyond the speed of sound at an al t i tude of' 
37, OOO f ee t  and above show that DIOst of the kin and force changes 
expected in the  transonic  range have been experienced. Althaugh 
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conditions-are  not n-1, the  airplane  can  be flown under control 
through a bkch  number  of 1 at  altitudes  of 37,000 feet amd above. In 
detail,  the  following has been  noted: 

1. Buffeting has been  experienced in level flight  but has been mild. 
The horizontal-tail loads associated  with  the  buffeting have been small. 

2. The airplane has. experienced  longitudinal  trim  changes in t he  
speed r a g e  from 0.8 up to 1.25. The  largest  control  force  associated 
with  these  trim  changes was 25’pounds. The pilot has been able  to  control 
the  airplane. The relativeu nmR.11 magnitude  of  the  control  force may 
be  attributed  to  the small size  of  the  elevator  and  the  high  altitude  of 
the flight. - .  

3. The elevatur  effectiveness has decreased more than 50 percent in 
going f rom a Mach n&er of 0.7 to 0.87. There is  evidence  of  further 
reduction in elevator  effectiveness  above a Mach  nurmber  of 0.87. This 
loss in elevator  effeotiveness  has  affected  the  magnitude  of t h e  trim 
changes as noted by the  pilot  but  the  actual  trim  changes for the  most 
part have been caused by changes in the  wing-fuselage  moment. 

4. No aileron buzz o r  associated  phenomena havebeen  emerienced. 
m e  airplane  becomes  right wing heavy  with  increasing  Mach nuniber up to 
a Mach nuniber of 1.10, but  can be trimmed  with  the  ailerons. 

Langley Memorial  Aeronautical  Laboratory 
Natioml Advisory Committee  for  Aeronautics 

Langley Field, Va., &+& /y+#’ 
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Figure 1.- Three view drawing, XS-1 a irplane .  
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